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REG1 ONAL DISTRIBUTION OF THE MAJOR DISSOLVED 
SOLIDS I N  THE STREAMS OF ILLINOIS 
Monte M. Nienkerk and Ronald C. Flemal 
SUMMARY 
The chemical  analyses o f  waters f rom 67 I l l i n o i s  streams have produced 
da ta  which, when weighted accord ing  t o  d ischarge  magnitudes and t h e  f r e -  
quency w i t h  which those magnitudes a r e  equa l l ed  o r  exceeded, p e r m i t  an 
e s t i m a t i o n  o f  t h e  frequency-wei ghted mean concen t ra t i on  (mg/l ) and t h e  long-  
term y i e l d  ( tons/sq m i / y r ) ,  d u r i n g  t he  p e r i o d  1945-1971. Most o f  t h e  
measured c o n s t i t u e n t s  have concent ra t ions  and y i e l d s  which d i s p l a y  r e g i o n a l  
pa t t e rns ,  expressed i n  s imp le  con tour  pa t t e rns .  The magnitudes and p a t t e r n s  
of t h e  con tours  i n d i c a t e ,  i n  most cases, v a r i a t i o n s  i n  geo log ic ,  hydro1 og ic ,  
and/or demographic c o n d i t i o n s  . Anomalous contours may revea l  anthropogenic  
in f luences,  such as s t r i p  mining, use o f  f e r t i l i z e r s ,  waste d i sposa l ,  
s t r e e t  s a l t i n g ,  and washout o f  aeroso ls  f r omthe  atmosphere. 
INTRODUCTION 
Stream waters  c o n t a i n  a  v a r i e t y  o f  d i s s o l v e d  m ine ra l  ma t te r .  These 
d i s s o l v e d  c o n s t i t u e n t s  a r e  i n t r oduced  i n t o  t h e  streams as t h e  r e s u l t  of a  
complex o f  h y d r o l o g i c  processes. Ana l ys i s  o f  t h e  amount and t ype  o f  t h e  
va r i ous  c o n s t i t u e n t s  enables one t o  1 )  determine t h e  r e g i o n a l  d i s t r i b u t i o n  
of t h e  ma jo r  d i s s o l v e d  s o l i d s  i n  t h e  streams, and 2 )  i n v e s t i g a t e  t h e  char-  
a c t e r  and p r o p o r t i o n a t e  c o n t r i b u t i o n  o f  va r i ous  i o n  sources t o  these streams. 
The f o l l o w i n g  d i sso l ved  c o n s t i t u e n t s  a r e  cons idered i n  t h i s  r e p o r t :  
i r o n ,  manganese, f l u o r i d e ,  boron, s i l  i c a ,  phosphate, c h l o r i d e ,  su l f a te ,  
n i t r a t e ,  ammonium, ca lc ium,  magnesium, sodium, potassium, s t r on t i um,  and 
carbonate. A1 so co r~s ide red  a r e  a1 k a l  i n i  ty, t o t a l  hardness and t o t a l  
d i s s o l v e d  minera l  con ten t .  The purpose i s  t o  d e l i n e a t e  t h e  r e g i o n a l  concen- 
t r a t i  on and y i e l d s  o f  these c o n s t i t u e n t s .  Fu r the r  s tud ies  by graduate 
s tuden ts  o f  t h e  Department o f  Geology a t  Nor thern I l l i n o i s  U n i v e r s i t y  a r e  
i n v e s t i g a t i n g  the  cha rac te r  and p r o p o r t i o n a t e  c o n t r i b u t i o n  o f  va r i ous  i o n  
sources t o  t h e  streams. 
L i t e r a t u r e  Review 
Throughout t he  Un i t ed  S ta tes  a  v a r i e t y  o f  governmental agencies a r e  
engaged i n  programs o f  sampling and ana l yz i ng  n a t u r a l  stream waters .  The 
Water,Resources D i v i s i o r ~  of  t h e  Un i t ed  S ta tes  Geo log ica l  Survey i s  one of t h e  
l a r g e s t  agencies engaged i n  t h i s  p r a c t i c e .  Resu l ts  o f  t h e i r  work a r e  
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Table 1  . A n a l y t i c a l  Procedures 
(compi l e d  f rom Harmeson and Larson, 1969, and Harmeson e t  a1 . , 1973) 
Dete rmina t ion  Symbol 
I r o n  ( t o t a l  on u n f i l t e r e d  
sampl e  ) 
Manganese ( t o t a l  on un- 
f i 1  t e r e d  sample ) 
F l  u o r i d e  
Boron 
S i  1  i c a  
Phosphate 
Ch lo r i de  
S u l f a t e  
N i t r a t e  
Ammon i um 
Calcium 
Magnesium 
Sod i um 
Potassium 
S t ron t i um 
A1 ka l  i n i  ty 
Hardness 
To ta l  d i s s o l v e d  minera l  s  
K 
S  r 
(as  CaC03) 
(as CaC03) 
TDM 
A n a l y t i c a l  procedure 
Or th  - phenanthrol  i ne 
( c o l o r i m e t r i c )  
Per ioda te  ( c o l o r i m e t r i c )  
Scott-Sanchi  s  ( c o l o r i m e t r i c ) *  
S p e c i f i c  i o n  e lec t rode**  
Curcumin ( c o l o r i m e t r i c )  
Molybdate ( c o l  o r i m e t r i c )  
Bismuth ca ta l yzed  PO 
method ( c o l o r i m e f r i c )  
Mohr ( v o l  ume t r i c )  
Barium Sul f a t e  ( g r a v i m e t r i c )  
Reduction, d i s t i l l a t i o n ,  and 
n e s s l e r i z a t i o n  ( c o l o r i m e t r i c ) *  
D i s t i l l a t i o n  and n e s s l e r i z a t i o n  
( c o l  o r i r n e t r i c )  
EDTA ti t r a t i o n  ( v o l u m e t r i c )  
Ca lcu la ted  
Cal c u l  ated* 
Atomic absorpt ion**  
Atomic abso rp t i on  
Atomic abso rp t i on  
Methyl  orange t i  t r a t i o n  
( v o l  umet r i  c )  
EDTA ti t r a t i o n  ( v o l u m e t r i c )  
Residue on evapora t ion  
* A n a l y t i c a l  procedure used 1945-66. 
** A n a l y t i c a l  procedure used 1966-71 . 
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Kalkd 3e yaaq uoo3 
uewJoj 3e JaAi-j ayx3 
SUMOJ~ 3e yaaJ3 seduoa 
puou~Ked Jeau yaaJ3 sse~g anla 
allkAyJoA Jeau 7aa.q K~~aqy~elg 
PLakJulnld 3'Q JaAkd KPP~w 6~0 
o~oqsKyd~nw 3e JahLd Kppnw 6g 
6ne3al Jeau yaaJ3 6~9 
s~ay33aw Jeau yaaq dno~neaa 
au 1 L~DJPW Jeau yaaJ3 Jeag 
oqaN 3e yaaq Kea 
JaAoueH Jeau JaALd alddy 
.po;~ad 6uk~dwes pa3e3~pui ay3 6upnp p~o~a~ 
6u k [dwes JO JeaK J~~PM auo squasa~da~ ,,x,, y3ej 
spoLJad 6uk~dues pue suo~3e~oi uOk3e3S '2 alqel 
Table 2. Cont inued 
number Sampling S t a t i o n  
(F ig .  1 )  
Kaskaskia R i v e r  a t  Vandal i a  
K i  shwaukee R i ve r  near  
Perryv i 1 1 e 
LaMoine R i v e r  a t  Colmar 
LaMoine R i v e r  a t  R i p l e y  
L i t t l e  Wabash R i ve r  a t  Carmi 
L i t t l e  Wabash R i ve r  
near  Eff ingham 
L i t t l e  Wabash R i v e r  near  
Wi lcox (Clay C i t y )  
Mackinaw R i  ve r  near Congervi 11 e 
Mackinaw R i v e r  a t  Green V a l l e y  
Macoupin Creek a t  Kane 
Marys R i ve r  near  Sparta 
No r th  Fork Ernbarras R i ve r  
near  Oblong 
Nor th  Fork Mauvaise Te r re  
Creek near J a c k s o n v i l l e  
O t t e r  Creek near Palmyra 
Pecatonica R i v e r  a t  F reepor t  
Rock R i ve r  a t  Como 
S a l i n e  R i v e r  near  Junc t i on  
S a l t  Creek near  Rowel 1 
Sangamon R i v e r  a t  Mahomet 
Sangamon R i ve r  a t  M o n t i c e l l o  
Sangamon R i ve r  near  Oakford 
Seven M i l e  Creek near  M t .  Vernon 
Shoal Creek near Breese 
Sk i1 l e t  Fork a t  Wayne City 
South Fork Sangamon R i ve r  
near  Rochester 
Spoon R i v e r  a t  London M i l l s  
Vermi 1 'i o n R i ve r  a t  Cat1 'in 
Vermi 1 i o n  R i ve r  a t  Lowel 1 
Vermi 1 i o n  R i v e r  a t  Pon t iac  
Wolf  Creek near Beecher City 
Years o f  Sampling Per iods 
Per. 1: 1945-50 
Per. 2: 1950-56 
Per. 3: 1956-61 
Per. 4: 1961-66 
Per. 5: 1966-71 

The second s t e p  i s  t o  determine t h e  average concen t ra t i on  over  each 
increment o f  d ischarge  (column 3 ) .  Th is  i s  done by averaging a1 1 concen- 
t r a t i o n  rneasurernents frorn t h e  sampl i n g  r e c o r d  which f a1  1 w i t h i n  t h e  spec i f i ed  
range o f  d ischarge.  For example, i n  t h e  i l l u s t r a t i o n  o f  Table 7, f i v e  
measured concent ra t io r l s  hav ing va lues o f  171, 239, 214, 191, and 185 m g l l  
may have been made a t  t imes when t h e  d ischarge  ranged between 1,100 and 
2,400 c f s .  The average of t h e  f i v e  (200 rng l l )  i s  taken as t he  average 
concen t ra t i on  over  t h e  range o f  d ischarge  1,100 t o  2,400 c f s .  As an 
o p e r a t i o r ~ a l  r u l e ,  i f  no rneasurements f a 1  1 w i t h i n  a  p a r t i c u l a r  d ischarge 
range, t h e  va lue f o r  t h a t  range i s  determined by  i n t e r p o l a t i o n  f rom t h e  
c l o s e t  ranges f o r  which c o r ~ c e n t r a t i o n s  were a v a i l a b l e .  
The n e x t  s tep  i s  t o  weight  each concen t ra t i on  accord ing  t o  t h e  frequency 
w i t h  which i t  occurs.  Th i s  i s  done by c a l c u l a t i n g  t h e  f requency i n t e r v a l  i n  
percen t  (column 4 )  between success ive f requency e n t r i e s  i n  column 1, and 
c a l c u l  a t i n g  t h e  average d ischarge  (column 5 )  between success ive d ischarges 
i n  column 2. The weigh ing process c o n s i s t s  o f  m u l t i p l y i n g  t h e  average con- 
c e n t r a t i o n  (column 3 )  by t h e  frequency i n t e r v a l  (column 4 )  by t h e  average 
d ischarge  (column 5 ) .  Th is  va lue  i s  r epo r ted  i n  colurrln 6. The QFC o f  t h e  
c o n s t i t u e n t  i n  ques t i on  i s  determined by t h e  summing o f  column 6 d i v i d e d  by 
t h e  frequency-weighted average d ischarge.  The frequency-wei ghted average 
d ischarge  f o r  t h e  example i l l u s t r a t e d  i n  Table 3 i s  907 c f s .  Th i s  va lue  i s  
determined by summing t h e  va lues o f  t h e  frequency i n t e r v a l  (column 4 )  tirnes 
t h e  average d ischarge (column 5 ) .  I n  t h i s  example t he  frequency-weighted 
mean concen t ra t i on  i s  188.4 m g l l .  
The f i n a l  s tep  ' i s  t o  conver t  t h e  QFC t o  AAY. Th is  i s  done us ing  t he  
equat ion  : 
QFC x 0 AAY = .9850213 x  A 
where A i s  t h e  a rea  o f  t h e  dra inage bas in  above t h e  p o i n t  o f  sampl ing i n  
u n i t s  o f  square m i l es ,  and a i s  t h e  frequency-weighted average d ischarge  i n  
u n i t s  of cfs.  The cons tan t  i s  needed f o r  convers ion  i n t o  t h e  p roper  u n i t s .  
I n  t h e  example of Table 3, t h e  MY i s  112.2 tons/sq m i  I y r .  
I n  Table 3 f i c t i t i o u s  da ta  were used t o  s i m p l i f y  p r e s e n t a t i o n  o f  t h e  
c a l c u l a t i o n  procedures. I n  a c t u a l  p r a c t i c e ,  18 t o  24 i n t e g r a t i o n  i n t e r v a l s  
(rows o f  Table 3 )  were used f o r  each c a l c u l a t i o n .  A l l  c a l c u l a t i o n s  were 
were made on an IBM 360167 computer a t  Nor thern Ill i n o i s  U n i v e r s i t y .  
The s ta te -w ide  averages o f  bo th  discharge-weighted mean concen t ra t i on  
and area-weighted average y i e l d  have a l s o  been determined f o r  each con- 
s t i t u e n t .  These va lues a r e  shown i n  Table 4. The s ta te -w ide  averages 
a r e  determined by  us ing  o n l y  t he  s t a t i o n s  which a r e  f u r t h e s t  downstream 
and about t o  leave  t he  s t a t e .  To determine t h e  s ta te-wide,  d ischarge-  
weighted, mean concent ra t ion ,  t h e  mean d ischarge  o f  each s t a t i o n  used i s  
t o t a l e d .  The percen t  o f  t h e  t o t a l  d ischarge t h a t  each s t a t i o n  represen ts  
rrlust a l s o  be known. The s ta te-wide,  discharge-weighted, mean concen t ra t i on  
Tab1 e 3. Example o f  t he  ca l  c u l  a t i o n  o f  frequency-wei ghted mean concent ra t ion  
and average annual y i e l d  us ing  f i c t i t i o u s  data. 
For explanat ion,  see t e x t .  
(1  
Freq . 
( X )  
100 
95 
8 0 
6 0 
40 
2 0 
10 
5 
1 
0 
( 2  
D i  sckarge 
( c f s )  
0 
120 
200 
340 
51 0 
1,100 
2,400 
3,700 
5,900 
6,300 
( 4 )  
Fres . ( 5 )  
Qn ( c f s )  
6 0 
1 60 
270 
425 
805 
1,750 
3,050 
4,800 
6,100 
Drainage Area = 1,500 sq. m i .  
Frequency-wei ghted average d i  sckarge = 907 c f s  
Frequency-wei gkted mean concent ra t ion  = 188.4 mg/l 
Long-term average y i e l d  = 11 2.2 tons/sq m i  / y r .  
Table 4. State-wide average of concentrations and yields for the 
dissolved constituents. 
State-Wide, State-Wide, 
Discharge-Weighted, Area-Weighted, 
Mean Concentration Average Yield 
Constituent (mg/l) (tonslsq. mi. /yr. ) 
o f  a p a r t i c u l a r  cons t i t uen t  i s  t he  sum o f  t h e  percent t imes the  mean discharge 
t imes the  mean concent ra t ion  o f  t h e  p a r t i c u l a r  c o n s t i t u e n t  a t  each s t a t i o n  
used, d i v i d e d  by the  t o t a l e d  discharges. The state-wide, area-weighted, 
average y i e l d s  are  determined the  same way, b u t  us ing  the  area o f  the  drainage 
bas in  above each s t a t i o n  ins tead of t he  mean discharge. 
E r r o r  Est imat ion 
There a r e  th ree  sources o f  e r r o r  i n  t h e  c a l c u l a t i o n s  used i n  t h i s  study. 
These i nc lude  e r r o r s  i n  sampl i n g  and a n a l y t i c a l  procedures, computations 
of QFC and AAY, and e r r o r s  due t o  the  non-representat iveness o f  t h e  sarnple 
record.  The magnitude o f  any o f  these i s  d i f f i c u l t  t o  est imate, a l though 
the  f i r s t  two a re  probably minor. 
The non-representat iveness o f  t h e  sample record  i s  l i k e l y  t o  cause the  
g rea tes t  e r r o r s .  These may a r i s e  i f  the  measured concentrat ions are  weighted 
towards a t y p i c a l  cond i t ions .  They are probably most severe f o r  rr~easuremerlts 
a t  h igh  discharge, s ince  l a r g e  percentages o f  the  t o t a l  load are  c a r r i e d  a t  
these discharges even though t h e i r  frequency o f  occurrence i s  smal l .  Measure- 
ments a t  h igh  discharge thus tend t o  be under-represented i n  t he  sampling 
record  re1  a t i v e  t o  t h e i r  importance i n  determin ing 1 ong-term 1 oads . Furthermore, 
s ince  they tend t o  be few, t he  oppor tun i t y  f o r  t h e i r  average t o  be a t y p i c a l  
i s  correspondingly  g reater .  
It i s  the  authors '  be1 l e f  t h a t  e r r o r  bounds o f  10 percent  o r  l e s s  would 
be reasonable f o r  bo th  the  frequency-weighted mean concent ra t ion  and 1 ong- 
terrn average arlrlual y i e l d  ca l cu la t i ons .  Perhaps the  s t rongest  argument f o r  
a 1 i m i  ted  e r r o r  range l i e s  i n  t he  i n t e r n a l  consis tency o f  t he  r e s u l t s  (see 
subsequent sec t i on ) .  
REGIONAL PATTERNS: 
RESULTS - DISCUSSION 
Results o f  a l l  c a l c u l a t i o n s  are  presented i n  Appendices B  and C. These 
r e s u l t s  were used t o  cons t ruc t  contour  maps o f  rnost o f  t he  cons t i t uen ts .  An 
at tempt  was made t o  keep pa t te rns  simple and minimize the  number o f  miscontoured 
po in t s .  M i  scontoured p o i n t s  general  1  y  represent  small e r  bas ins f o r  which 
r e g i o n a l l y  a t y p i c a l  values were obtained. I n  some cases the re  a r e  l a r g e r  basins 
which do n o t  f i t  t h e  contour  pa t te rn .  Because o f  t h e i r  l a r g e  s ize ,  these 
basins cannot be i n t e r p r e t e d  as reg iona l  l y  a t y p i c a l .  These 1  a rger  m i s f i t  
bas ins a r e  considered as anomalies and w i l l  be po in ted  o u t  du r i ng  the  d iscuss ion  
o f  t he  var ious  cons t i t uen ts .  
Two d i f f e r e n t  s t y l e s  o f  con tour ing  were used i n  t h i s  study. For t h e  
QFC maps, an at tempt  was made t o  show t h e  concent ra t ion  o f  t h e  cons t i t uen ts  
a t  var ious  p o i n t s  i n  t he  streams. Therefore, i n  these maps t h e  contours 
have a  tendency t o  f o l l o w  streams. For t h e  AAY maps, an a t tempt  was made t o  
show areas o f  p roduc t ion  o f  t he  var ious  cons t i t uen ts .  Therefore, contours on 
these maps do n o t  f o l l o w  t h e  streams. 
Attempts t o  contour  stream water composit ion data i~nmedia te ly  l e a d  
t o  t h ree  observat ions:  
I 
1 )  Some cons t i t uen ts  (phosphate, ammonium, potassium, and s t ron t i um)  
show no reg iona l  p a t t e r n  and cannot be r e a d i l y  contoured. 
2 )  Many o f  t h e  cons t i t uen ts  ( i r o n ,  manganese, f l u o r i d e ,  boron, s i l  i c a ,  
s u l f a t e ,  calcium, magnesium, sodium, carbonate, a l k a l i n i t y ,  hardness, and 
t o t a l  d i  ssol  ved minera ls )  show s t rong reg iona l  v a r i a t i o n s ,  as expressed i n  
w e l l  developed contour  pa t te rns .  
3 )  A1 though most o f  t he  cons t i t uen ts  do n o t  show apprec iab le  change i n  
mean concent ra t ion  over t he  t ime f o r  which analyses a r e  a v a i l a b l e ,  c h l o r i d e  
and n i t r a t e  have increased w i t h  t ime. 
It i s  n o t  t he  purpose o f  t h i s  s tudy t o  l o c a t e  s p e c i f i c  sources o f  a d d i t i o n  
o f  m a t e r i a l s  t o  streams. However, f o r  some o f  the  c o n s t i t u e n t s  t he re  a re  
broad pa t te rns  i n  t h e  data which do suggest general sources, bo th  reg iona l  
and l o c a l  . The presence o f  reg iona l  sources i s  d isc losed i n  the  general 
reg iona l  consis tency o f  t he  contours. The reg iona l  sources prov ide  background 
concent ra t ion  over  which l o c a l  sources a r e  superimposed. Local sources are  
those t h a t  a r e  conf ined t o  e i t h e r  i n d i v i d u a l  bas ins o r  t o  se ts  o f  ad jacent  
basins. These l o c a l  sources are  the  causes o f  t he  anomalies demonstrated by 
sorne o f  t h e  cons t i t uen ts .  
I r o n  
I r o n  va lues a r e  r e l a t i v e l y  h i g h  i n  t h e  west and south,  and r e l a t i v e l y  low 
i n  t h e  nor thwes t  (F igures  2 and 3 ) .  I r o n  analyses were made on u n f i l t e r e d  
samples and hence rep resen t  t h e  sum o f  d i s s o l v e d  and f i n e - g r a i n e d  p a r t i c u l a t e  
i r o n .  Wi th  two except ions,  t h e  Fox R i ve r  a t  A lgonquin and t h e  Illi n o i s  R i v e r  
a t  Meredosia, QFC values exceed t h e  1 .O mg/l genera l  wa te r  qua1 i ty  standard. 
Only t h e  I l l i n o i s  a t  Meredosia va lue  i s  l e s s  than  t h e  0.3 mg/l p u b l i c  and 
food p rocess ing  standard. 
Ferrous and f e r r i c  i r o n  a r e  widespread minor  components of most rocks  
and s o i l s .  The hydrous f e r r i c  ox i de  con ten t  o f  rocks  and s o i l s  i s  commonly 
respons ib l e  f o r  t h e i r  r e d  o r  y e l l o w  c o l o r .  I r o n  no rma l l y  d i s s o l v e s  ve ry  
s l o w l y  f rom s i l i c a t e  minera ls ,  b u t  accumulat ion o f  f e r r i c  ox i de  o r  hydrox ide  
may r e s u l t  f rom near-sur face weather ing o f  i r on -bea r i ng  s i l i c a t e s ,  carbonates, 
and s u l f i d e s .  Since i r o n  i s  an e s s e n t i a l  element i n  bo th  p l a n t  and animal 
metabolism, a c t i v i t i e s  i n  t h e  b iosphere may have a s t r ong  i n f l u e n c e  on t h e  
occurrence o f  i r o n  i n  water.  
Ferrous i r o n  i s  t h e  p r imary  i r o n  spec ies produced i n  s o l u t i o n  as a 
r e s u l t  o f  weather ing, b u t  a t  near -neu t ra l  pH's i t  i s  r a p i d l y  o x i d i z e d  i n  
ae ra ted  wate r  (Gar re l  s  and MacKenzie, 1971 ) . There fo re  s i g n i f i c a n t  equ i  1  i b r i  um 
concen t ra t i ons  o f  d i s s o l v e d  f e r r o u s  i r o n  cannot be p resen t  i n  t he  wate r  o f  a  
f l o w i n g  s t ream excep t  a t  ve ry  low pH ' sy  which day r e s u l t  f rom d ischarge  o f  
i n d u s t r i a l  wastes, a c i d  dra inage f rom mines, o r  i n f l o w s  o f  thermal sp r ings .  
I r o n  i n i t i a l l y  d i sso l ved  as f e r r o u s  i r o n  i s  t r anspo r ted  i n  streams as d i s c r e t e  
f e r r i c  ox i de  p a r t i c l e s  o r  as f e r r i c  ox i de  coa t i ngs  on minera l  g r a i n s  r a t h e r  
than  i n  s o l u t i o n .  Because o f  t h i s ,  measurements o f  i r o n  concen t ra t i on  a re  
made on u n f i  1  t e r e d  samples. 
3 
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F igu re  2. Frequency-weighted mean F i g u r e  3. Long-term y i e l d  
concen t ra t i on  (mg/l ) o f  i r o n .  of i r o n  ( tons /sq  m i l y r ) .  
Manganese 
Manganese shows a d i s t r i b u t i o n a l  p a t t e r n  
much l i k e  t h a t  o f  i r o n  (F igures 4 and 5) .  
Manganese analyses were a l s o  made on un- 
fi 1 t e r e d  samples and inc luded both d isso lved  
and f i ne -g ra ined  p a r t i c u l a t e  \manganese. 
QFC values gene ra l l y  exceed t h e  0.05 mg/l 
pub1 i c  and food processing water qua1 i t y  
standard, and f o u r  s t a t i o n s  (Appendix B )  
have values exceeding the  1.0 mg/l general 
water .standard. yy>d 30 Manganese i s  an e s s e n t i a l  element i n  
. I I? \ I I IYEO S L D I M C I I I  \ 
p l a n t  metabolism. The importance o f  p l a n t s  
>(IMPLING S l A I l O H  
0 3 0  
as a source o f  manganese i n  r i v e r  water i s  
n o t  complete ly  known, b u t  s tud ies  o f  t he  
0.20 
\ ." .. ., ,, e f f e c t  o f  f a l l e n  leaves on t h e  water q u a l i t y  
of a  small stream showed i t  cou ld  be 
impor tan t  a t  t imes (Hem, 1970, p. 126). F i  gure 4. Frequency-wei gh ted  
rnearl cor~cent ra  t i o n  (rng/l ) One o f  t he  no tab le  p r o p e r t i e s  o f  mang- 
o f  manganese. anese ox ide  i s  a tendency t o  form coat ings  
on o t h e r  minera l  sur faces.  Th is  i s  a f u r t h e r  
compl ica t ing  f a c t o r  i n  determin ing the  
amounts o f  manganese present  i n  o rd ina ry  
stream-f low. Because o f  t h i s  f a c t  and t h e  
f a c t  t h a t  manganese forms organ ic  complexes, 
measurements o f  manganese concentrat ions 
a re  made on u n f i  1  t e red  sampl es. 
F igure  5. Long-term y i e l d  o f  
manganese ( tons/sq m i / y r ) .  
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Potass i  um 
Potassium i s  a  major  component o f  t h e  geo log ic  m a t e r i a l s  o f  I l l i n o i s ,  
o c c u r r i n g  i 'n  potassium fe l dspa r ,  t h e  micas, and t he  c l a y  minera ls .  Potassium 
i s  a l s o  a  major  f e r t i l i z e r .  Al though i t  i s  chem ica l l y  s i m i l a r  t o  sodium and 
g e n e r a l l y  exceeds sodium i n  abundance i n  n a t u r a l  l a n d  environments, i t s  con- 
c e n t r a t i o n  i n  I l l i n o i s  streams i s  much l e s s  than t h a t  o f  sodium. Two phenomena 
tend  t o  promote low potassium concent ra t ions .  The c l a y  m ine ra l s  o f  t h e  ill i t e  
group absorb potassium i ons  i n t o  t h e i r  c r y s t a l  l a t t i c e s  where t hey  a re  n o t  
removabl e  by f u r t h e r  ion-exchange r e a c t i o n s  (Hem, 1970). P lan t s  a1 so serve 
as potassium s inks .  
A p p l i c a t i o n  o f  potassium f e r t i l i z e r  i n  I l l i n o i s  averaged 446,151 tons  of  
K 0  i n  t h e  p e r i o d  1966-1971 (111. Coop. Crop Rept. Ser., 1972). Th i s  i s  
e 6 u i v a l e n t  t o  an average l oad ing  o f  6.6 t o n s l s q  mi /yr o f  potassium f rom 
t h i s  source alone. I n  c o n t r a s t ,  t h e  A4Y o f  potassium (based on 25 s t a t i o n s  
over  t h e  same p e r i o d )  i s  o n l y  3.2 t o n s l s q  mi I y r .  
Potassium da ta  a r e  a v a i l  a b l e  f o r  t w e n t y - f i v e  s t a t i o n s  f rom t h e  sampl i n g  
p e r i o d  1966-1971. Th i s  i s  i n s u f f i c i e n t  t o  a1 low con tour ing .  
/ 
S t ron t i um 
S t ron t i um i s  a  common minor  element i n  rocks .  I t s  chemis t ry  i s  much 1  i k e  
t h a t  o f  ca lc ium.  Twenty-four o f  t he  t w e n t y - f i v e  a v a i l a b l e  s t r o n t i u m  QFC's 
a r e  above t h e  repo r ted  .06 mg l l  median va lue  o f  s t r o n t i u m  i n  major  Nor th  
American r i v e r s  (Durum and H a f f t y ,  1963). Th i s  obse rva t i on  i s  consonant w i t h  
t h e  g e n e r a l l y  above-average va lues o f  ca l c i um found i n  I l l i n o i s  streams. 
S t ron t i um da ta  i s  i n s u f f i c i e n t  t o  a l l o w  con tour ing .  
S i l i c a  
The term " s i l i c a "  meaning t h e  ox ide,  Si02, i s  w i d e l y  used i n  r e f e r i n g  t o  
s i l i c o n  i n  n a t u r a l  water,  b u t  t h e  a c t u a l  fo rm i s  hydrated and i s  g e n e r a l l y  
represen ted  as H4Si04 o r  S i  (OH)4. 
The QFC of s i l i c a  does n o t  show a  r e g i o n a l  d i s t r i b u t i o n  and cannot be 
contoured. Concentrat ions o f  s i l i c a  may be decreas ing w i t h  t ime.  Mean con- 
c e n t r a t i o n s  va lues r e p o r t e d  d u r i n g  pe r i ods  1  and 2  (1945-56) a r e  g r e a t e r  than  
10. mg l l  , w i t h  t h e  average being 11 - 7  mg l l  . Dur ing  pe r i ods  3, 4, and 5  (1956-71 ),  
o n l y  9.3 pe rcen t  o f  t h e  r e p o r t e d  mean concen t ra t i on  va lues were above 10 m g l l ,  
w i t h  t h e  average concen t ra t i on  o f  s i l i c a  be ing  8.2 mg/l. It i s  n o t  known i f  
t h i s  decrease i n  concen t ra t i on  i s  r e a l  o r  an a r t i f a c t  o f  t h e  sampl ing /ana lys is  
procedures. 
The AAY o f  s i l i c a  does show a s imp le  
r e g i o n a l  d i s t r i b u t i o n  and was contoured 
(F igu re  10) .  The map shows t h a t  t h e  
h i ghes t  y i e l d s  o f  s i l - i c a  occur  i n  extreme 
southern I l l i n o i s  and t h e  lowes t  y i e l d s  
of  s i l i c a  occur i n  t he  extreme n o r t h -  
eas te rn  corner  o f  t h e  s t a t e .  Th i s  
obse rva t i on  i s  i n  accord w i t h  d i s t r i -  
b u t i o n  p a t t e r n  o f  s i l i c a t e  versus non- 
s i l i c a t e  m a t e r i a l s  i n  t h e  g l a c i a l  d r i f t  
and near-sur face bedrock o f  I l l i n o i s .  
The major  q u a n t i t y  o f  t h e  s i l i c a  i n  
I 1  1  i n o i s  streams probab ly  comes f rom 
t h e  loess  which covers most o f  t h e  s t a t e .  
Chemical analyses o f  I l l i n o i s  loesses 
show t h a t  they  a r e  composed o f  between 
55 percen t  and 77 pe rcen t  by we igh t  o f  
S i02 (F rye  e t  a l . ,  1962, p. 49).  
F i gu re  10. Long-term y i e l d  
o f  s i l i c a  ( tons/sq m i / y r ) .  
F igure  11. Frequency-weighted 
mean concen t ra t i on  (.mg/l) o f  
s u l f a t e .  
S u l f a t e  
The s u l f a t e  p a t t e r n  shows two major  
h ighs,  one i n  no r t heas te rn  I l l i n o i s  and 
another  i n  sou th -cen t ra l  I l l i n o i s  
(F i gu res  11 and 12) .  A l l  o f  t h e  QFC's 
a r e  we1 1 below t h e  500 mg/l general  
standards f o r  I 1  1  i n o i s  waters .  
S u l f u r  i s  n o t  a  major  c o n s t i t u e r ~ t  of  
t h e  e a r t h ' s  o u t e r  c r u s t ,  b u t  i s  w i d e l y  
d i s t r i b u t e d  i n  reduced form bo th  i n  
igneous and sedimentary rocks  as m e t a l l i c  
s u l f i d e s .  I n  weather ing i n  c o n t a c t  w i t h  
aera ted  water,  t h e  s u l f i d e s  a r e  o x i d i z e d  
t o  y i e l d  s u l f a t e  i o n s  which a r e  c a r r i e d  
o f f  i n  t h e  water.  P y r i t e  c r y s t a l s  
o f t e n  occur  i n  sedimentary rock  and 
c o n s t i t u t e  a  s o u r c e  o f  b o t h  f e r r o u s  i r o n  
and s u l f a t e  i n  n a t u r a l  waters.  P y r i t e  
i s  commonly assoc ia ted  w i t h  coa l  depos i ts .  
The p y r i t e  i s  o x i d i z e d  t o  produce 
s o l u b l e  s u l f a t e ,  which f i n d s  i t s  way 
i n t o  streams. 
The h igh  s u l f a t e  y i e l d s  and con- 
c e n t r a t i o n s  which t y p i f y  l avge  p a r t s  
o f  southern I l l i n o i s  may r e s u l t  as a 
by-product o f  t h e  ex tens i ve  coal  m in ing  
opera t ions  o f  t h i s  reg ion .  S u l f a t e  i s  
produced as a by-product  o f  coa l  m in ing  
main l y  because t he  min ing  process exposes 
t o  weather ing l a r g e  q u a n t i t i e s  o f  s u l f u r  
m inera ls ,  p a r t i c u l a r l y  t he  i r o n  s u l -  
pbides, p y r i t e  and maicas i  t e  (McCarthy , 
1972). 
Another ma jo r  source o f  s u l f a t e  
may be atmospheric f a l l o u t .  Johnson, 
Reynol ds , and L i  kens (1  972) have es t imated  
t h a t  d e p o s i t i o n  o f  s u l f u r  f rom t h e  atmos- 
phere averages between 6 and 9  k i lograms 
pe r  hec ta re  pe r  yea r  across I l l i n o i s .  
Ca lcu la ted  as s u l f a t e ,  t h i s  f a l l o u t  
i s  numer i ca l l y  e q u i v a l e n t  t o  a  back- 
ground p roduc t i on  o f  5 t o  10 tons /  
sq mi /yr. The h i g h  s u l f a t e  y i e l d s  
and concen t ra t i ons  t h a t  occur  i n  
no r t heas te rn  I l l i n o i s  p robab ly  r e s u l t  
f rom t h e  g r e a t e r  l e v e l  o f  atmospheric 
f a l l o u t  t h a t  occurs i n  t h i s  i n d u s t r i a l  
area.  
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F igu re  12. Long-term y i e l d  
o f  s u l f a t e  ( t o n s l s q  m i l y r ) .  
Cal c i  um 
Calcium va lues a re  r e l a t i v e l y  h i g h  
i n  no r t heas te rn  I 1  1  i n o i s  and r e l a t i v e l y  
low i n  f a r  western and extreme southern 
I l l i n o i s  (F igures  13 and 14) .  
I n  most n a t u r a l  f r e s h  waters,  
ca l c i um i s  t h e  p r i n c i p a l  c a t i o n .  The 
element i s  v e r y  w i d e l y  d i s t r i b u t e d  i n  
t h e  common m ine ra l s  o f  rocks  and s o i l s .  
W i t h i n  I 1  1  i n o i ' s  t he  carbonate m ine ra l s  
c a l c i t e  and do lomi te  a re  t he  p r i n c i p l e  
geo log i c  sources o f  calc ium. I n  t h e  
s t r i p  m in ing  areas gypsum may be o f  
importance. I n  nature, the r e a c t i o n  o f  
d i  sso l  ved COZ w i t h  carbonate minera l  s  
t o  produce b icarbonate  and ca lc ium i o n s  
i s  responsib ' le  f o r  t he  s o l u t i o n  o f  
carbonate rock  and minera ls .  I n  t h e  
weather ing  o f  carbonate minera l  s  and 
rocks,  t h e  p a r t i a l  pressure o f  C02 
p lays  a  dominant r o l e  i n  t h e  amount 
o f  carbonate d i sso l ved  p e r  u n i t  o f  ., . . , . . . . . 
r e a c t i v e  water .  Increased C02 pressure 
inc reases  t he  amount o f  CaC03 d i sso l ved .  F i gu re  13. Frequency-weighted 
Carbonate weather ing a l s o  i s  app rec iab l y  mean concen t ra t i on  (mg l l  ) of 
acce le ra ted  by t h e  a d d i t i o n  o f  a c i d  c a l  cium. 
F igu re  14. Long-term y i e l d  o f  
ca l c i um ( tons /sq  m i / y r )  . 
+ 
r a d i c a l s  ( H  )+ to  carbonate bear ing  
m a t e r i a l s .  H j s a  p roduc t  o f  s u l f u r  
o x i d a t i o n ,  and hence carbonate weather ing 
and ca l c i um p roduc t i on  may be g r e a t l y  
enhanced i n  areas where s u l f u r  o x i -  
d a t i o n  i s  proceeding. Another source 
o f  ca lc ium i ons  i n  s t ream water  i s  t h e  
r u n o f f  and dra inage f rom f i e l d s  t o  
which l i m e  and ca l c i um f e r t i l i z e r s  
have been appl i ed . \ 
Magnesi um 
The m%gnesium maps (F igures  15 
and 16) show a  s imp le  n o r t h  t o  south 
g rad ien t ,  w i t h  va lues "  decreas ing t o  
t h e  south.  
A  comparison o f  t h e  magnesium maps 
w i t h  t he  ca l c i um maps (F igu res  13 and 14)  
shows a  general  s i m i l a r i t y .  Th i s  
occurs because o f  t h e  s i m i l a r i t y  i n  
sources o f  t h e  two i ons .  As w i t h  calc ium, 
t h e  major  s u p p l i e r s  o f  magnesium a r e  
t he  carbonate minera l  s  ( p r i n c i p a l  l y  
do lom i te )  . I n  I 1  1  i no i s ,  carbonate 
m ine ra l s  a re  t he  dominant components 
o f  bedrock and g l a c i a l  d r i f t  i n  t he  
no r theas te rn  p a r t  o f  t h e  s t a t e ,  t he  same 
r e g i o n  cha rac te r i zed  by h i g h  p roduc t i on  
o f  bo th  magnesium and ca lc ium.  
F igure  15. Frequency-weig h ted  
mean concen t ra t i on  (mg/l ) o f  
magnesium. 
F igu re  16. Long-terrn y i e l d  of  
magnesi urn ( t ons / sq  mi / y r ) ' .  
Sodi um 
The sodium maps (Figures 17 and 18) 
show two areas o f  h igh  values. One i s  
i n  south-centra l  I l l i n o i s ,  the o ther  
i s  nor theas tern  I l l i n o i s .  North- 
western I l l i n o i s  i s  the  area o f  lowest  
sodium concentrat ion.  
The major geologic  source o f  sodium 
i n  I l l i n o i s  i s  probably sodium fe ldspar .  
Once sodium ? s  brought i n t o  so lu t i on ,  
i t  tends t o  remain i n  t h a t  form. There 
a r e  no important  p r e c i p i t a t i o n  reac t i ons  
t h a t  can main ta in  low sodium concen- 
, t r a t i o n s  i n  water. 
The h igh  values i n  t he  Chicago 
reg ion  a re  probably due t o  the  l a r g e  
popu la t i on  and extensive urban iza t ion  
o f  t h e  region,  w i t h  the  sources o f  
sodium r e l a t e d  t o  i n d u s t r i a l  and 
domestic wastes. Another source o f  
sodium i n  t h i s  area i s  from s t r e e t  
sa l  t, much o f  which even tua l l y  
becomes p a r t  o f  t he  stream load. The 
h igh  sodium values i rr south-central .  
I l l i n o i s  a re  harder t o  expla in.  They 
appear t o  correspond w i t h  areas o f  
h igh  coal and o i l  product ion.  
South-central  I l l i n o i s  i s  a l so  an 
area o f  many spr ings and seeps which 
have a  h igh  s a l i n i t y  (Keros Cartwr ight ,  
o r a l  communication). Some o f  t h e  
sodium i n  t h i s  area may be accounted 
f o r  by these h igh  s a l i n i t y  spr ings and 
seeps. 
Carbonate 
F igure  17. Frequency-wei ghted 
mean concent ra t ion  (mg/l ) o f  
sodium. 
The carbonate c o n s t i t u e n t  o f  
na tu ra l  waters i s  a  f u n c t i o n  o f  the 
15 g ) 5  2 5  
a l k a l i n i t y .  A l k a l i n i t y  i s  repor ted  i n  . UIsLoLVLo llDIMtNl 25 ' i  
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calc ium carbodate. By knowing the  
a1 k a l i n i t y  o f  the water, t he  carbonate 
l5 
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c o n s t i t u e n t  can be determined by use o f  
F igure  18. Long-term y i e l d  o f  
sodi  um (tons/sq m i / y r )  . 
t h e  f o l l  owing formula:  
C ~ C O ~  + ca+' + cog - 2 
a tom ice re igh t s  100.09 40.08 60.01 
The carbonate c o n s t i t u e n t  i s  determined by mu1 t i p l y i n g  t h e  a1 k a l  i n i t y  ( i n  
mg/l ) t imes 60.01 o r  .5996. 
100.09 
The carbonate maps (F igures  19 and 20) show a s imp le  n o r t h  t o  south g rad ien t ,  
w i t h  cor i cen t ra t ions  decreas ing t o  t h e  south. 
The source o f  carbonate p roduc t i on  i s  t h e  same as a l k a l i n i t y  p roduc t i on  
(see l a t e r  d i scuss ion ) .  The weather ing o f  carbonate su r f ace  m a t e r i a l s  appears 
t o  be t he  dorninant source. Both carbonate concen t ra t i ons  and y i e l d s  have t h e i r  
h i g h e s t  va lues i n  t h e  n o r t h e r n  p a r t s  o f  t h e  s t a t e  where carbonate bedrock and 
d r i f t  predominate. Carbonate bedrock and d r i f t  tend t o  decrease southward as 
do t he  concen t ra t i ons  and y i e l d s  o f  carbonate ions .  
F i g u r e  19. Frequency-wei ghted 
mean concen t ra t i on  (mg/ l )  o f  
carbonate. 
F igure  20. Long-term y i e l d  
o f  carbonate ( tons /sq  m i / y r ) .  
A1 ka l  i r r i t y  
A l k a l i n i t y  i s  n o t  a s p e c i f i c  substance found i n  water, b u t  r a t h e r  i s  t he  
combined e f f e c t  o f  several  substances and cond i t i ons .  I n  most n a t u r a l  water, 
the a1 ka l  i r ~ i  t y i s  p r a c t i c a l l y  a1 1 produced by d isso lved  carbonate and b i -  
carbonate ions.  These ions  c o n t r i b u t e  t o  t he  power o f  n e u t r a l i z i n g  hydrogen 
i ons  i n  s o l u t i o r ~  (Harmeson and Larson, 1969). The I 1  l ' i n o i s  S ta te  Water 
Survey r e p o r t s  a1 k a l i n i t y  i n  terms o f  an equ i va len t  q u a n t i t y  o f  ca lc ium 
carbonate. 
Most o f  t h e  carbonate and b icarbonate ions  appear t o  en te r  I 1  1 i n o i s  
streams as the  r e s u l t  o f  n a t u r a l  weathering o f  do lomi te and 1 imestone, e i t h e r  
d i r e c t l y  f rom bedrock sources o r  f rom the  g l a c i a l  d r i f t  and loess  mantles. 
Water d isso lves  o r  combines w i t h  carbon d iox ide  t o  form carbonic  a c i d .  
I f  the  carbonated water reac ts  w i t h  dolomi te,  t he  l a t t e r  w i l l  be d isso lved  
as r e l a t i v e l y  so lub le  bicarbonate, 
The a l k a l i n i t y  maps (F igures 21 and 22) show a simple n o r t h  t o  south 
g rad ien t ,  w i t h  values decreasing t o  the  south. Since a l k a l i n i t y  and carbonate 
F igure  21 . Frequency-weighted 
mean concent ra t idn  ( m g l l )  o f  
a1 ka l  i n i  t y  (as CaC03). 
F igure  22. Long-term y i e l d  
o f  a1 k a l i n i t y  (as CaC03) 
( t o n s l s q  milyr ) . 
are  a func t ion  of  each other ,  t h e i r  concentrat ion and y i e l d  maps a re  s i m i l a r .  
The sources of  the  a1 kal  i n i  t y  ,cons t i tuent  i n  I 1  1 i n o i s  streamsare the  same as 
those f o r  carbonate. These sources are  the  carbonate bedrock and d r i f t  
which a re  predominant i n  the nor thern  p a r t  o f  t h e  s ta te .  The area of pre-  
dominant carbonate te r rane i s  a l s o  the  area o f  h igh  a1 k a l i n i t y  concentrat ions 
and y i e l d s .  
The drop o f f  of both a1 k a l i n i t y  and carbonate concentrat ions and y i e l d s  
i n  southern I l l i n o i s  may be, i n  pa r t ,  the r e s u l t  o f  a c i d  bu f fe r i ng .  The low 
a1 k a l i n i t y  areas co inc ide  w i t h  areas o f  h igh s u l f a t e  (F igures 11 and 12).  
The s u l f a t e  i n  t h i s  reg ion  i s  apparent ly  produced by the  o x i d a t i o n  o f  i r o n  
s u l f i d e s  exposed dur ing  s t r i p  mining. Oxidat ion o f  i r o n  s u l f i d e s  produces 
s u l f u r i c  a c i d  as an in termediate product,  and hence s u l f a t e  waters tend t o  
be h i g h l y  ac id .  
\ 
The hydrogen ions  produced i n  the  d i s s o c i a t i o n  o f  the  s u l f u r i c  a c i d  r e a c t  
w i t h  n a t u r a l l y  occu r r i ng  carbonates according t o  the  equat ions: 
and 
As reac t i ons  ( 5 )  and (6)  are drawn t o  the  r i g h t ,  carbonate l e v e l s  corres-  
pondingly  f a l l .  Thus s u l f a t e  and carbonate tend t o  have rec ip roca l  con- 
cen t ra t i ons  and y i e l d s .  
Hardness 
Hardness i n  water i s  p r i m a r i l y  a f u n c t i o n  o f  ca lc ium and magnesium. It 
i s  repor ted  i n  terms o f  an equ iva len t  concentrat ion o f  ca lc ium carbonate. 
Hardness i s  computed by the f o l l o w i n g  equations: 
TH = 2.4973 (mgl l  o f  Ca) + 4.1156 (mg/l o f  Mg) (8) 
TH = To ta l  Hardness 
The I 1  li n o i  s  S ta te  Water Survey c l a s s i f i e d  hardness (expressed as mgl l  
CaCO ) as fo l l ows :  0-75, s o f t ;  75-125, f a i r l y  s o f t ;  125-250, moderately hard; 
250-a00, hard; and over  400, very  hard (Harmeson and Larson, 1969, p. 9 ) .  
The maps o f  t o t a l  hardness (F igures 23 and 24) show a  n o r t h  t o  south 
g rad ien t ,  w i t h  values decreasing t o  t he  south. 
This  r o l e  o f  ca lc ium and magnesium i n  determin ing hardness can be seen 
by comparing t h e  concent ra t ion  and y i e l d  maps f o r  hardness w i t h  t h e  concen- 
t r a t i o n  and y i e l d  maps f o r  ca lc iur r~ and magnesium (F igures  13, 14, 15, and 16) .  
Because of  t h e  r e l a t i o n s h i p  between hardness and calc ium and magnesium, t h e  
sources o f  ca lc ium and magnesium (discussed above) c o n s t i t u t e  t he  sources of 
hardness. 
F igure  23. Frequency-weighted mean 
concen t ra t i on  (mg l l  ) o f  hardness 
(as CaC03). 
F igure  24. Long-term y i e l d  o f  
h a r d n e s l  (as CaC03), ( t ons1  
sq m i l y r ) .  
To ta l  d i s s o l v e d  minera l  s  
F iqu re  25. Frequency-wei ghted 
mean concen t ra t i on  (mg/l ) o f  
t o t a l  d i sso l ved  m ine ra l s .  
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The t o t a l  d i s s o l v e d  m ine ra l s  rep-  
r esen t  the  d i sso l ved  minera l  m a t t e r  i n  
t h e  sample, and were determined by evap- 
o r a t i o n  o f  a  f i l t e r e d  sample. It can 
a l s o  be determined by mu1 t i p l y i n g  t h e  
s p e c i f i c  c o n d u c t i v i t y  a t  25°C by an 
empi r i  c a l  convers ion  f a c t o r  o f  0.564 
(Larson and Larson, 1957). Another 
procedure f o r  measuring d i sso l ved  s o l  i d s  
i s  t o  sum up t h e  concen t ra t i ons  repo r ted  
f o r  t he  va r i ous  d i s s o l v e d  c o n s t i t u e n t s .  
Th i s  computed d i s s o l v e d  s o l  i d s  may 
d i f f e r  f rom t h e  res idue  on evapora t ion  
by + 10-20 mg/l where t he  t o t a l  s o l i d s  
con ten t  i s  on t he  o rde r  o f  100-500 mg/l 
(Hem, 1970).  
The t o t a l  d i s s o l v e d  m ine ra l s  maps 
(F igures  25 and 26) show t h a t  t h e  
no r theas te rn  and sou th -cen t ra l  p a r t s  of 
t h e  s t a t e  a r e  areas o f  h i g h  TDM values. 
Far western and extreme southern I l l i n o i s  
a r e  areas o f  low TDM values.  
The Pub l i c  Hea l t h  Serv ice  D r i n k i n g  
Water Standards recommends an upper 
1  i m i t  o f  500 mg/l t o t a l  d i s s o l v e d  
minera l  s  (~a rmeson  and Larson, 1969). 
I n  I 1  1  i n o i s , a l l  t h e  reco rd ing  s t a t i o n s  
have QFC o f  t o t a l  d i s s o l v e d  m ine ra l s  
be1 ow t h e  recornrr~ended 1  i r n i  t . 
1 
The r e g i o n a l  cons is tency  o f  t he  
da ta  i m p l i e s  t h a t  i n d i v i d u a l  p o i n t  sources 
have 1  i t t l e  average e f f e c t  on t h e  t o t a l  
d i s s o l v e d  m ine ra l s  i n  I l l i n o i s  streams. 
Rather, t h e  r r~agr~ i tude  o f  t h e  y i e l d s  
appears t o  be c o n t r o l  l e d  by r e g i o n a l  
sources ,both non-po in t  sources and 
r e g i o n a l l y  homogeneous p o i n t  sources. 
F igure  26. Long-term y i e l d  o f  
t o t a l  d i sso l ved  so l  i d s  ( t ons /  
sq r n i l y r ) .  
Ch lo r i de  
There a r e  two cons t i t uen ts  ( c h l o r i d e  and n i t r a t e )  whose concent ra t ions  
i n  t h e  streams of I l l i n o i s  have been inc reas ing  w i t h  t i r r~e  over  the  pe r i od  
o f  t ime f o r  which analyses a re  ava i l ab le .  
The c h l o r i d e  maps (F igures 27, 28, 29 and 30) show two areas o f  h igh  
c h l o r i d e  values. These two areas a re  t h e  nor theas tern  and southeastern 
p a r t s  o f  t h e  s ta te .  Figures 27 and 28 a re  maps o f  c h l o r i d e  us ing  data 
c o l l e c t e d  between 1945 and 1961. F igures 29 and 30 are  maps o f  c h l o r i d e  
us ing  data c o l l e c t e d  between 1961 and 1971. A comparison o f  t h e  maps shows 
t h a t  t h e  p a t t e r n s  a re  very  s i m i l a r .  However, t h e  values o f  t he  contours o f  
the  maps of t h e  l a t e r  pe r i od  have s u b s t a n t i a l l y  increased. 
Ch lo r i ne  i s  comparat ive ly  r a r e  as a  c o n s t i t u e n t  o f  s o i l  m inera ls  i n  
a  moderately humid c l i m a t e  such as t h a t  o f  I l l i n o i s .  Hence, t h e r e  i s  
1  i t t l e  n a t u r a l l y  a v a i l a b l e  c h l o r i d e .  Also, f a1  l o u t  o f  atmospheric 
c h l o r i d e  may occur  from t ranspor ted  sea-spray, b u t  t h i s  i s  n o t  a  l a r g e  
q u a n t i t y .  It has been est imated t h a t  t h e  average concent ra t ion  o f  c h l o r i d e  
i n  r a i n f a l l  i n  t h e  area o f  I l l i n o i s  i s  0.2 ppm (McCarthy, 1972). . I f  a l l  
t h i s  c h l o r i d e  became p a r t  o f  t h e  stream loads, i t  would be equ i va len t  t o  
a  y i e l d  o f  o n l y  0.5 t o  0.75 tons/sq m i / y r .  
The most impor tan t  source o f  t h e  c h l o r i d e  found i n  I l l i n o i s  streams i s  
probably  t h e  a c t i v i t y  o f  man. These a c t i v i t i e s  a re  q u i t e  var ied .  Some 
are:  1  ) d ischarge o f  c h l o r i d e - r i c h  wastes which a r e  generated by t h e  
d isposal  o f  metabo l i c  and some types o f  i n d u s t r i a l  wastes as w e l l  as t h e  
d ischarge o f  c h l o r i n a t e d  waters, 2) s t r e e t  s a l t i n g ,  much o f  which even tua l l y  
becomes p a r t  o f  stream loads, and 3)  t he  a p p l i c a t i o n  o f  potassium f e r t i l i z e r s ,  
most o f  which a re  app l i ed  i n  t he  form o f  KC1. The increase i n  c h l o r i d e  
concent ra t ion  w i t h  t ime i s  most l i k e l y  t h e  r e s u l t  o f  increases i n  these 
a c t i v i t i e s .  Notable a re  man's increased use o f  s t r e e t  de - i c i ng  s a l t s  i n  
t h e  urban areas and h i s  increased a p p l i c a t i o n  o f  KC1 f e r t i l i z e r s  i n  r u r a l  
areas. 
The h igh  c h l o r i d e  valhes i n  t he  Chicago reg ion  are probably  associated 
w i t h  t he  l a r g e  popu la t ion  and ex tens ive  u rban i za t i on  o f  t h e  reg ion .  The 
h igh  values i n  t h e  southwestern p a r t  o f  t h e  s t a t e  occur i n  a  reg ion  of low 
popu la t i on  dens i t y .  However, t h i s  area i s  t he  area o f  p r i n c i p a l  o i l  
p roduc t ion  i n  I l l i n o i s .  As p rev ious l y  noted, t h i s  area a l s o  has many 
spr ings  and seeps which have h igh  s a l i n i t i e s .  
1 
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Ni t r a t e  
N i t r a t e  i s  an ox id i zed  form o f  n i t rogen,  where n i t r o g e n  i s  i n  the  
N+5 form. A  considerable p a r t  of t h e  t o t a l  n i t r o g e n  o f  t he  e a r t h  i s  
present  as n i t r o g e n  gas i n  the  atmosphere. Small amounts o f  n i t r o g e n  are  
present  i n  rocks, w i t h  l a r g e r  amounts o f  t he  element being concentrated 
i n  s o i l  o r  b i o l o g i c a l  m a t e r i a l .  
The n i t r a t e  maps (F igures 31, 32, 33, and 34) show t h a t  n i t r a t e  
values are  h ighes t  i n  c e n t r a l  I l l i n o i s  and lowest  i n  t he  extreme southern 
p a r t  o f  t he  s ta te .  Figures 31 and 32 are  maps o f  n i t r a t e  us ing  data 
c o l l e c t e d  between 1945 and 1961. F igures 33 and 34 are  maps o f  c h l o r i d e  
us ing  data c o l l e c t e d  between 1961 and 1971. A  comparison o f  t he  maps 
show t h a t  the  pa t te rns  are very  s i m i l a r .  However, the  values o f  t h e  
contours of the  maps o f  t he  l a t e r  pe r i od  have s u b s t a n t i a l l y  increased. 
Because o f  the  hazard o f  h igh  n i t r a t e  concent ra t ions  causing n i t r a t e  
poisoning, an upper safe l i m i t  f o r  water supply has been recommended as 
45 mg/l (as  No3)' by t he  Pub1 i c  Heal th  se rv i ce  b r i n k i n g  Water Standards 
(Harmeson and Larson, 1 9 6 9 ) . ~ l l  s t a t i o n s  i n  I 1  1  i n o i s  havemean concen- 
t r a t i o n s  o f  r ~ i  t r a t e  be1 ow t h i s  recommended upper 1  i m i  t. 
N i t r a t e  can occur i n  water as t he  r e s u l t  o f  many phenomena. Cer ta in  
species o f  b a c t e r i a  i n  s o i l ,  e s p e c i a l l y  those l i v i n g  on r o o t s  o f  legumes, 
and the  blue-green algae, and o t h e r  m ic rob io ta  occu r r i ng  i n  waters, can 
e x t r a c t  n i t r o g e n  f rom a i r  and conver t  i t  i n t o  n i t r a t e .  N i t r a t e  i n  
the  s o i l  t h a t  i s  u t i l i z e d  by p lan ts  i s  p a r t l y  re tu rned  t o  the s o i l  when 
the  p lan ts  d ie ,  a1 though some n i t r a t e  i s  l o s t  f rom the  c y c l e  i n  drainage 
and r u n o f f .  Some n i t r a t e  occurs i n  ra inwater  (Hem, 1970). Farm animals 
produce considerable amounts o f  n i t rogenous organ ic  waste t h a t  tends t o  
concentrate i n  places where l a r g e  numbers o f  animals a re  conf ined.  
These n i t rogenous wastes a re  e a s i l y  ox id i zed  t o  n i t r a t e s .  The general 
t r e n d  toward c o n f i n i n g  many animals i n  smal l  areas, such as i n  feeding 
pens f o r  beef c a t t l e ,  probably w i l l  b r i n g  about problems o f  h igh  n i t r a t e  
concent ra t ions  i n  sur face  and shal low ground water (Hem, 1970). Wastes 
f rom chemical f e r t i l i z e r  manufactur ing p l a n t s  can be a  s i g n i f i c a n t  source 
o f  n i t r a t e .  Another source i s  the  r u n o f f  and drainage f rom f i e l d s  t o  which 
n i t r a t e  f e r t i l i z e r s  have been appl ied.  
I t  i s  t h e  au thors '  b e l i e f  t h a t  t he  increase i n  n i t r a t e  concent ra t ions  
seen i n  t he  stream data o f  I l l i n o i s  i s  t h e  r e s u l t  o f  man's increased 
a c t i v i t i e s .  The main a c t i v i t i e s  a re :  1  ) increased hse o f  feed l o t s  f o r  
1  i ves tock ,  2 )  increased produc t ion  o f  i n d u s t r i a l  and automobi 1  e  n i t r a t e  
wastes, and 3 )  increased a p p l i c a t i o n  o f  n i t r a t e  f e r t i l i z e r s  t o  the  land.  
The concent ra t ion  and y i e l d  maps (F igures  31, 32, 33, and 34) of 
n i t r a t e  show t h a t  t h e  h ighes t  values o f  n i t r a t e  a re  i n  t h e  areas o f  most 
p roduc t ive  a g r i c u l t u r e .  The f i g u r e s  a l s o  show t h a t  t he  areas o f  g rea tes t  
inc rease o f  n i t r a t e  w i t h  t ime, a re  t h e  more p roduc t i ve  a g r i c u l t u r a l  areas. 
Figure  31. Frequency-weighted mean Figure 32. Long-term y i e l d  
concent ra t ion  (mg/l ) o f  n i t r a t e  o f  n i t r a t e  i n  tons/sq mi/yr 
( 1 945- 1 961 ) . ( 1  945-1 961 ) . 
F igure  33. Frequency-weighted mean 
concent ra t ion  (mgl / )  o f  n i t r a t e  
(1  961 -1 971 ) . 
Figure 34. Long-term y i e l d  
o f  n i t r a t e  i n  tons/sq mi/yr 
(1961-1971). 
CONCLUSIONS 
For the  cons t i t uen ts  having general use standards, a l l  mean concen- 
t r a t i o n s  are  below the  upper l i m i t s ,  except i r o n  and manganese. For 
manganese, t h  r e  e s t a t i o n s  have frequency-weighted mean concentrat ions 
g rea te r  than the  recommended general standard. I n  t he  case o f  i r o n ,  a l l  
the  reco rd i  ng s t a t i  ons bu t  one have f requency-wei ghted mean concentrat ions 
g rea te r  than the  recommended general standard. It must be remembered t h a t  
the  mean concent ra t ion  data r e f e r r e d  t o  i n  t h i s  study are frequency- 
weighted. Therefore, any one s t a t i o n  a t  any one t ime may have i ns tan ta -  
neous concentrat ions much greater  than the  repor ted  frequency-weighted 
mean concentrat ion.  
The bas ic  conclusions o f  t h i s  study are  1  ) Attempts t o  contour the  
stream water composit ion data o f  I 1  1  Oinois immediately l ead  t o  th ree  
observat ions:  some cons t i t uen ts  (phosphate, ammonium, potassium, and 
s t ron t i um)  show no reg iona l  p a t t e r n  and could n o t  be contoured; many o f  the  
cons t i t uen ts  ( i r o n ,  manganese, f l u o r i d e ,  boron, s i l i c a ,  s u l f a t e ,  calcium, 
mangnesi urn, sodi urn, carbonate, a1 ka l  i n i  t y ,  hardness and t o t a l  d isso lved 
minera l  s )  show s t rong reg iona l  v a r i a t i o n s  and can be contoured ; a1 though 
most o f  the  cons t i t uen ts  do n o t  show much o f  a  change i n  rrlean concen- 
t r a t i o n  over the  t ime f o r  which analyses are  ava i l ab le ,  c h l o r i d e  and 
n i t r a t e  have increased w i t h  t ime. 
2 )  Const i tuents which show s t rong reg iona l  v a r i a t i o n s  can be d i v i d e d  
i n t o  f i v e  groups: a )  cons t i t uen ts  whose mean concent ra t ion  and y i e l d  
pa t te rns  d i s p l a y  low values i n  t he  nor theastern p a r t  o f  the  s t a t e  and h igh  
values i n  the  west-centra l  and southern p a r t s  o f  the  s ta te .  I ron ,  manga- 
nese, and s i l  i c a  are  i n  t h i s  group. b )  Const i tuents whose mean concen- 
t r a t i o n  and y i e l d  pa t te rns  show two d i s t i n c t  areas o f  h igh  values, one i n  
nor theastern I l l i n o i s  and another i n  south-centra l  I l l i n o i s .  Su l fa te ,  
sodium, t o t a l  d isso lved minerals,  and c h l o r i d e  a re  i n  t h i s  group. 
c )  Const i tuents  whose mean concent ra t ion  and y i e l d  pa t te rns  d i s p l a y  h igh  
values i n  t he  nor thern  h a l f  o f  t he  s t a t e  and low values i n  the  southern 
h a l f  o f  the  s ta te .  Calcium, magnesium, carbonate, a l k a l i n i t y ,  and t o t a l  
hardness a re  i n  t h i s  group. d )  Const i tuents whose mean concentrat ions 
and y i e l d  pa t te rns  d i s p l a y  h igh  values i n  t he  nor theastern,  west-centra l  , 
and southern p a r t s  o f  the  s ta te .  Boron and f l u o r i d e  are  i n  t h i s  group. 
e )  N i t r a t e ,  which has h igh  values i n  the  c e n t r a l  p a r t  o f  the  s t a t e  t h a t  
decrease i n  a l l  d i r e c t i o n s  away from the  center ,  c o n s t i t u t e s  the  f i f t h  
group. 
3 )  I n  most cases p l a u s i b l e  explanat ions f o r  the  pa t te rns  can be found 
i n  reg iona l  pa t te rns  o f  geologic,  hydro logic ,  o r  demographic cond i t ions .  
Geologic cond i t i ons  inc lude the  th ickness and chemical composit ion of t he  
g l a c i a l  deposi ts ,  the  character  o f  the  bedrock ma te r ia l ,  and the  th ickness 
of the loessa l  deposi ts .  Hydrologic  cond i t i ons  i nc lude  the  r a t i o  o f  d i r e c t  
runoff  t o  i n f i l t r a t i o n  r a t e  and the  v a r i a t i o n  i n  amounts o f  p r e c i p i t a t i o n .  
Demographic c o n d i t i o n s  i n c l u d e  t h e  degree o f  u r b a n i z a t i o n  and t h e  t ype  of 
l and  use. 
4 )  The var ious  c o n s t i t u e n t s  a r e  c o n t r i b u t e d  by b o t h  n a t u r a l  and anthro-  
pogenic processes. Na tu ra l  processes i n c l u d e  phenomena w i t h i n  t he  atmosphere, 
b iosphere,  l i t hosphe re ,  and hydrosphere. Anthropogenic processes i n c l u d e  
such a c t i v i t i e s  as domestic and i n d u s t r i a l  waste d i sposa l ,  a p p l i c a t i o n  o f  
f e r t i l i z e r s ,  use o f  s t r e e t  d e - i c i n g  s a l t s ,  e t c .  There a r e  a l s o  n a t u r a l  
a c t i v i t i e s  which a re  acce le ra ted  by man. S t r i p  min ing,  where f r e s h  m a t e r i a l  
i s  c o n t i n u a l l y  be ing  brought  t o  t h e  su r f ace land  exposed t o  weather ing, i s  
one example. The n a t u r a l  a c t i v i t i e s  p rov ide  background concen t ra t i ons  over  
which t h e  anthropogenic  processes a re  superimposed. Cons t i t uen t s  which 
appear t o  be i n f l u e n c e d  most by anthropogenic  processes a r e  phosphate, 
ammonium, potassium, n i t r a t e ,  s u l f a t e ,  sodium, and c h l o r i d e .  F e r t i l  i z e r s  
a re  p robab ly  t he  ma jo r  source o f  phosphate, ammonium, potassium, and 
n i t r a t e .  The h i g h  concen t ra t i on  and y i e l d  va lyes  o f  s u l f a t e  i n  t h e  Chicago 
area p robab ly  r e s u l t  f rom t h e  h i g h  l e v e l  o f  f a l l o u t  o f  atmospheric s u l f u r  
which occurs i n  t h i s  i n d u s t r i a l  area. The h i g h  concen t ra t i on  and y i e l d  
va lues of bo th  sodium and c h l o r i d e  i n  t h e  Chicago r e g i o n  a r e  p robab ly  
r e l a t e d  t o  t h e  h i g h  i n d u s t r i a l  and domestic wastes i n  t h i s  area. Another 
source of bo th  sodium and c h l o r i d e  i n  t h i s  area i s  f rom the  l a r g e  use of 
s t r e e t  d e - i c i n g  s a l t s ,  much o f  which e v e n t u a l l y  becomes p a r t  of  t h e  stream 
load .  I n  t h e  sou th -cen t ra l  p a r t  o f  t h e  s t a t e ,  t h e  h i g h  sodium and c h l o r i d e  
concen t ra t i on  and y i e l d  p a t t e r n s  appear t o  correspond w i t h  areas of  h i g h  
coa l  and o i l  p roduc t ion ,  as we1 1  as excess ive seepage o f  s a l i n e  groundwaters. 
5 )  F u r t h e r  i n v e s t i g a t i o n  o f  t he  d i s t r i b u t i o n  and sources o f  d i sso l ved  
so l  i d s  i n  I 1  1  i n o i  s  streams i s  necessary before more d e f i n i t i v e  conc lus ions  
rega rd ing  t h e  magnitude o f  s p e c i f i c  sources can be adequate ly  assessed. 
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Stream Drainaqe Averaqe 
- 
S t a t i o n  and Area ~ i s c h a r ~ e  Sample Record Flow Durat ion Record 
Number Location (sq. m i . )  ( c f s )  Period No. of Samples Period No. of Years 
87 Bonpas Creek 228 221 10/61-9/66 47 
a t  Browns 
96 Cache River  243 300 7/56-9/61 6 2 
a t  Forman 
20 Coon Creek 85.3 51 .4 10/61-9/66 6 1 
a t  R i l ey  
70 Crane Creek 28.7 15.5 10/61-9/66 6 0 
n. Easton 
3 Des P l a i n e s  359 219 10/66- 2/7 1 54 
River  n. 
Des P l a i n e s  
206 Drowning Fork 25.9 20.1 10/61-9/66 46 
a t  Bushnell  
6 Du Page River  325 
a t  Shorewood 
44 Edwards River  434 
n. New Boston 
43 Edwards River  163 
n. Orion 
22 Elkhorn Creek 146 
n. Penrose 
Stream Drainage Average 
S t a t i o n  and Area Discharge Sample Record Flow Duration Record 
Number Location (sq.  mi.) ( c f s )  Period No. of Samples Period No. of Years 
- 
,209 Embarrass River 185 
n. Camargo 
84 Embarrass River 1513 
a t  S te .  Marie 
61 F l a t  Branch 279 
n. T a y l o r v i l l e  
2 Fox River 1402 
a t  Algonquin 
4 Fox River 1662 
a t  Batavia 
Synthesised from 
Algonquin Record 
30 Fox River 2570 1565 7/56-10/61 63 1925-71 47 
a t  Dayton 
26 Green River 998 555 10/45-9/50 5 2 1937-71 35 
n. Geneseo 
75 Hadley Creek 40.6 26.6 7/56-9/61 56 1956-66 11 
n. Barry 
97 Hayes Creek 18.9 25.5 10/61-9/66 47 1950-71 22 
a t  Glendale 
47 Henderson Creek 428 265 10/66-6/7 1 5 6 1935-71 37 
n. Oquawka 
3 r. 
(DJ 
Y 0 
(D P- 
a cn 
0 
cn D 
P' V' 
< 
(D 
Y 
Stream Drainage Average 
S t a t i o n  and Area Discharge Sample Record Flow Duration Record 
Number Location (sq. mi.) ( c f s )  Period No. of Samples Period No. of Years 
73 La Moine River 655 423 8/57-9/61 50 1945-71 27 
a t  Colmar 
72 La Moine River 1,310 779 10/45-9/50 49 1922-71 5 0 
a t  Ripley 
89 L i t t l e  Wobash 3,111 2474 6/57-9/61 5 0 1940-71 32 
River  a t  Carmi 
86 L i t t l eWabash  1,130 883 10/50-6/56 6 5 1916-71 5 6 
River  n. Clay C i t y  
119 L i t t l e  Wabash 240 
River  a t  
E f f ingham 
53 Mackinaw River  764 
n. Congervi l le  
103 Mackinaw River  1,100 
a t  Green Valley 
78 Macoupin Creek 875 
a t  Kane 
94 Marys River 17.5 
n. Spar ta  
85 N. Fork Embarrao 319 
n. Oblong 
190 9/66- 8/71 5 9 Based on dura t ion  
comparison wi th  L i t t l e  
Wabash R., Clay C i t y  

Stream Drainage Average 
S t a t i o n  and Area Discharge Sample Record Flow Duration Record 
Number Location (sq .  m i . )  ( c f d  Period No. of Samples Period No. of Years 
207 Seven Mile 21.5 15.9 10/61-6/71 9 3 1961-71 11 
Creek n. M t .  
Vernon 
82 Shoal Creek 760 496 10/66-6/71 57 1911-12, 28 
n. Breese 46-71 
88 S k i l l e t  Fork 464 396 10/45-9/50 105 1909-12, 16- 5 3 
a t  Wayne C i t y  6/57-9/6 1 21, 29-71 
62 S. Fork Sanga- 869 467 10/66-6/71 57 1950-67 18 
mon R. n. Rochester 
49 Spoon River a t  1070 652 10/45- 6/50 95 1943-71 29 
London Mills 6/57-9/61 
56 Vermilion River 959 7 24 6/57 - 9/6 1 5 1 1940-58 19 
a t  C a t l i n  
  abash   as in) 
39 Vermilion River 1230 754 10/50-6/56 5 9 1932-71 40 
a t  Lowell 
( I l l i n o i s    as in) 
38 Vermilion River 568 344 5/57-10/61 109 1943-61 19 
a t  Pontiac 
( I l l i n o i s    as in) 
201 Wolf Creek 48 33.4 10/61-6/71 107 1960-71 
n. Beecher C i t y  
APPENDIX B: RESULTS OF CALCULATIONS 
Frequency-Weighted Mean Concentrations (mg/l) 
Of Dissolved Solids 
Symbols: C - Combined Periods 
nr - Not Reported 
f - Filtered 
u - Unfiltered 
Period 1 = 1945 - 1950 
2 = 1950 - 1956 
3 = 1956 - 1961 
4 = 1961 - 1966 
5 = 1966 - 1971 
Alkalinity as CaS03 
Hardness as CaC03 
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Sta-  
t i o n  
!lo. 
Stream 
and Per- kiard- 
Locetion iod Fe !Rn F B Si02 PCJ4( f )P04(u)Cl  SO4 KO3 NH4 Ca Mg Na K S r  CC3 SUM Alk. ness  ID14 
. .  . .  
-- 
Drv,..ming Fork 4 2.6 .l? .16 .06 10.5 .39 n r  8.6 37.3 15.6 .05 45.2 19.8 8.4 n r  n r  90.4 239 151 195 245 
6 t  B;;!mell 
DuPage River 
i t  Shorevrood 
E d w ~ l C s  .;iver 
n. : ; ; ; I  Boston 
Ed.va:ds River 
n. Oricn 
E ? _ ~ + ~ K R s  River 
a t  Zte. !.%ric 
F l a t  Branch 
n. Tay lo rv i l l e  
Cox lii~re; 
a t  Algdnguin 
Fuu River 
a t  S a t a v i a  
66.1 30.1 13.3 n r !  n r  123 349 205 Fax River 
a t  Deyts.7 
Green River 
n. Gsneseo 
Hadley Creek 
n. Barry 
Sta-  Stream 
t i o n  and Per- 
Na. Locjt ion iod Fe Nn F 8 Si02 P04(f! P04(u! C1 SO4 NO3 
23 Rcck River 3 3.2 .16 .13 .05 7.2 .44 n r  12.3 46.2 7.3 
a t  Cono 4 3.0 .18 .15 .07 7.4 .97 n r  14.3 52.5 12.3 
C 3.3 .18 .15 .09 7.4 .70 n r  13.4 48.1 10.2 
Hard- 
Ca X g  Na K S r  C03 SUM Alk. ness ID:.; 
90 Sa l ine  River 1 5.2 .66 n r  n r  10.3 n r  n r  14.6 91.9 2.6 
a t  Junct ion 
65 S a l t  Creek 2 7.2 .40 .ll .04 10.6 n r  n r  6.2 41.3 13.2 
n. Rof~el i  
59 Sanyamon River 5 4.3 .08 .18 .10 5.7 .20 .Sd 14.4 59.1 33.5 
a t  Hahornet 
50 Canqascn River 3 3.8 .07 .17 .03 7.9 .%2 n r  7.7 51.9 21.9 
a t  ;.:-atice110 
71 Sanga.?on River 3 5.5 .23 .18 .05 10.5 .20 n r  13.5 54.1 8.0 
n. Oakford 
207 Sever. R i l e  Creek 4 7.2 .47 .14 .05 8.6 .26 n r  11.4 86.6 6.0 
n. !.!t. Vernon 5 6.0 .48 .25 .07 7.8 .25 .u2 7.3 86.3 6.6 
C 5.2 .43 .15 .06 8.5 .36 -52 9.5 87.3 4.7 
d2 Shoal Creek 5 15 .56 .17 .07 6.7 .64 1.8 10.7 61.5 5.5 
n. B~.ccr.c 
83 S k i l l c t F o r k  1 5.4 .54 n r  n r  11.2 nr  n r  11.9 78.4 2.5 
a t  'h'ayne C i t y  3 6.4 .42 . l l  .04 7.8 .03 n r  20.8 71.3 2.5 
C 6.5 .53 . l l  .04 9.7 .03 nr  15.3 75.3 2.7 
21.9 10.1 13.0 nr  n r .  15.1 170 25.2 96.8 163 
21.9 10.1 18.2 n r  n r  18.5 178 30.8 96.3 198 
21.5 10.0 15.3 n r  n r  16.0 173 26.6 35.2 1E2 
62 E o ~ t h  Fork 5 4.2 .16 .23 .09 9.3 .35 1.1 L9.4 51.1 14.3 
Sangmon Piver  
n. Rocnester 
49 Spoon Xiver 1 23 1.5 nr  n r  12.5 n r  n r  6.8 49.2 7.4 
a t  [.ondon X l l s  3 14 .7 .19 .33 9.7 . l l  n r  10.9 74.3 11.2 
C 22 1.0 .19 .33 10.8 .ll n r  9.1 66.9 10.4 
39 Verni i ion River  3 4.1 .12 .19 .13 8.2 .34 n r  8.8 79.2 15.0 
( I l l i n o i s B a s i n ) 5  6.4 .04 .28 .10 7.: .95 1.4 16.8 82.3 41.7 
a t  Lowell c 6.1 .10 .25 .OY 7.8 .63 1.4 12.7 82.4 27.9 
Sta- Stream 
tion and Per- Hard- 
No. Location iod Fe Mn F B Si02 P04(f) PO4(", C1 SO4 NO3 .W4 Ca Mg Na K Sr Cog SUM A l k .  ness ID14 
. .  . 
38 VermilionRiver 3 8.3 .14 .26 .09 8.0 .09 nr 6.8 81.9 24.2 -03 67.8 29.3 7.4 nr nr 112 346 186 289 352 
( I l l i n o i s  Basin) 
a t  Pontiac 
56 Ven i l i onRive r  2 3.7 .25 .08 .01 10.6 nr nr 9.9 59.8 16.4 -02 61.6 24.9 7.7 nr  nr  110 305 183 265 312 
(Yabash Basin) 
n. Sa t l in  
201 Wolf Creek 4 2.6 .21 .12 .05 7.1 .34 nr 26.0 26.1 6i7 .01 22.9 8.1 20.7 nr nr 36.8 158 61.4 33.0 162 
n .SeecherCi ty  5 3.0 .24 .16 .10 6.6 .34 .97 15.2 30.8 7.1 .33 27.0 6.0 12.1 3.4 .08 47.2 159 78.8 104 174 
C 3.2 .25 .15 -06 6.9 .35 .97 18.9 27.7 5.8 .12 24.4 6.7 15.6 3.4 .08 42.2 156 70.4 96.6 1 6 ~  







